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(57) ABSTRACT

A tray moving mechanism includes: a unit base having an
internal space formed as a containing space; and a tray mov-
able between a retracted position in which the unit base is
contained in the containing space and a projected position in
which a music player formed in a substantially rectangular
shape can be placed on the tray and in which a part of the tray
is projected from the base unit, wherein the tray is moved with
respect to the unit base such that the orientations of the tray
with respect to the unit base in the retracted and projected
positions are substantially 90 deg different from each other.
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1
TRAY MOVING MECHANISM AND
IN-VEHICLE AUDIO APPARATUS

CROSS REFERENCE

This application is a continuation of and is based upon and
claims the benefit of priority under 35 U.S.C. §120 for U.S.
Ser. No. 12/947,220, filed Nov. 16, 2010, and claims the
benefit of priority under 35 U.S.C. §119 from Japanese Patent
Application No. 2009-289599, filed Dec. 21, 2009, the entire
contents of each of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the field of techniques
associated with tray moving mechanisms and in-vehicle
audio apparatus. More specifically, the invention relates to a
technique for setting the direction of a tray which is moved
relative to a unit base such that the tray is set in orientations
substantially 90 deg different from each other in a projected
position and a retracted position, the technique allowing the
apparatus having the tray to be made compact through effi-
cient utilization of space.

2. Description of the Related Art

Some in-vehicle audio apparatus allows a portable music
player formed in a planar and substantially rectangular shape
to be contained therein and allows the music player to be
operated from outside to reproduce music recorded in the
same and to output the music from a speaker provided in a
vehicle (for example, see JP-A-2008-24259 and JP-A-2009-
179097 (Patent Documents 1 and 2)).

Such an in-vehicle audio apparatus includes a tray moving
mechanism having a unit base and a tray which can be moved
relative to the unit base between a retracted position and a
projected position.

A music player is contained in the in-vehicle audio appa-
ratus by placing the music player on the tray in the projected
position and urging the tray rearward to move it to the
retracted position. The music player is removed from the tray
by pulling out the tray from the retracted position to the
projected position.

SUMMARY OF THE INVENTION

In the in-vehicle audio apparatus disclosed in Patent Docu-
ment 1, a tray is moved between a retracted position and a
projected position by linearly operating the tray back and
forth, and an operating section including a power switch is
provided at the front end of the apparatus beside the space in
which the tray is moved.

Thus, a space behind the operating section is notused as the
tray moving space. Therefore, the space inside the apparatus
is not efficiently used, which hinders the apparatus from
being made compact. Especially, in the case of an apparatus
configured to accommodate an elongated music player placed
on a tray, the configuration makes it necessary to provide the
apparatus with a great dimension in the depth direction (front-
rear direction) thereof.

In the in-vehicle audio apparatus disclosed in Patent Docu-
ment 2, a tray is moved between a retracted position and a
projected position by rotating the tray about a shaft serving as
a fulcrum provided at a front end of a unit base. In the
projected position, the tray is entirely projected from the unit
base. When the tray is projected from the unit base as thus
described, the tray projects from the unit base in front of the
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apparatus in a great mount of projection, which also consti-
tutes a hindrance to the reduction of the size of the apparatus.

Since the tray is entirely projected from the unit base in
front of the apparatus, the total weight of'the tray and a music
player placed on the tray must be born only by the shaft
provided at the front end of the unit base, which can make the
tray unstable in the projected position.

Under the circumstance, it is desirable to provide a tray
moving mechanism and an in-vehicle audio apparatus in
which the above-described problem can be solved to allow
efficient utilization of spaces and to achieve compactness.

According to an embodiment of the invention, there is
provided a tray moving mechanism including a unit base
having an internal space formed as a containing space, and a
tray movable between a retracted position in which the unit
base is contained in the containing space and a projected
position in which a music player formed in a substantially
rectangular shape can be placed on the tray and in which a part
of'the tray is projected from the base unit. The tray is moved
with respect to the unit base such that the orientations of the
tray with respect to the unit base in the retracted and projected
positions are substantially 90 deg different from each other.

The orientations of the tray with respect to the unit base in
the retracted and projected positions are substantially 90 deg
different from each other. Therefore, the orientation in which
the music player is set when the tray is in the projected
position is 90 deg different from the orientation in which the
music player is set when the tray is in the retracted position.
Thus, spaces can be effectively utilized to achieve compact-
ness.

Since only a part of the tray is projected from the unit base
in the projected position, the tray has high stability in the
projected position.

In the above-described tray moving mechanism, a first
guide portion and a second guide portion may be provided on
either the unit base or the tray. A first guided portion slidably
supported by the first guide portion and a second guided
portion slidably supported by the second guide portion may
be provided on either the unit base or the tray. The first guide
portion or the first guided portion may be formed in a straight
shape. The second guide portion or the second guided portion
may be formed in a curved shape. The first guided portion and
the second guided portion may be guided by the first guide
portion and the second guide portion, respectively, to move
the tray between the projected position and the retracted
position.

The first guide portion or the first guided portion may be
formed in a straight shape, and the second guide portion or the
second guided portion may be formed in a curved shape.
Thus, the tray is moved in a trajectory including both of
curved and straight trajectories. Thus, the trajectory of the
movement of the tray can be designed as desired according to
the shapes and positions of other members such as the unit
base. Thus, the space efficiency can be optimized and
whereby the mechanism can further be compacted.

In the above-described tray moving mechanism, the music
player may be placed on the tray such that it is elongated in the
front-rear direction of the tray when the tray is in the projected
position.

The music player is placed on the tray such that it is elon-
gated in the front-rear direction of the tray when the tray is in
the projected position. Thus, a space can be easily formed
beside the tray when the tray is in the projected position.
Required components can be disposed beside the tray while
suppressing any increase in the size of the apparatus.

The above-described tray moving mechanism may be pro-
vided with a gear plate rotatably supported on the tray, a
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reduction gear rotatably supported on the gear plate for reduc-
ing the speed of movement of the tray, and a rack formed on
the unit base and engageable with the reduction gear. The
reduction gear may engage the rack when the tray is moved
from the retracted position toward the projected position. The
reduction gear may be disengaged from the rack when the tray
is moved from the projected position toward the retracted
position.

The reduction gear engages the rack when the tray is
moved from the retracted position toward the projected posi-
tion, and the reduction gear is disengaged from the rack when
the tray is moved from the projected position toward the
retracted position. Thus, a load is imparted from the reduction
gear to the tray when the tray is moved from the retracted
position toward the projected position, and no load is
imparted from the reduction gear to the tray when the tray is
moved from the retracted position toward the projected posi-
tion.

Therefore, the tray can be moved at a low speed from the
retracted position toward the projected position, and the tray
can be moved from the projected position toward the retracted
position with no load imparted from the reduction gear.

In the above-described tray moving mechanism, the gear
plate may have an operating projection which slides on the
unit base when the tray is moved. A rotational force in the
direction of moving the reduction gear apart from the rack
may be imparted to the gear plate by a frictional force gener-
ated between the operating projection and the unit base when
the tray is moved from the projected position toward the
retracted position.

When the tray is moved from the projected position toward
the retracted position, the frictional force generated between
the operating projection and the unit base imparts a rotational
force to the gear plate in the direction of moving the reduction
gear away from the rack. The reduction gear is moved away
from the rack by the rotational force thus imparted.

The reduction gear can be engaged and disengaged with
and from the rack using a simple mechanism. Therefore, the
tray can be moved at a controlled speed with a reduced load
using a simple mechanism.

The above-described tray moving mechanism may include
a locking lever locking the tray in the retracted position, and
an urging spring imparting a force to the tray to move it from
the retracted position toward the projected position. The tray
may be moved from the retracted position to the projected
position by the urging force of the urging spring when the tray
is unlocked or released from the locking lever in the retracted
position.

When the tray is unlocked or released from the locking
lever in the retracted position, the tray is moved by the urging
force of the urging spring from the retracted position to the
projected position, thus, the urging force of the urging spring
is imparted to the tray when moving from the retracted posi-
tion to the projected position.

Thus, the mechanism can be made simple.

According to another embodiment of the invention, there is
provided an in-vehicle audio apparatus including a housing
having an opening at least on one side thereof, a unit base
disposed in the housing and having an internal space formed
as a containing space, and a tray movable between a retracted
position in which the unit base is contained in the containing
space and a projected position in which a music player formed
in a substantially rectangular shape can be placed on the tray
and in which a part of the tray is projected from the base unit.
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The tray is moved with respect to the unit base such that the
orientations of the tray with respect to the unit base in the
retracted and projected positions are substantially 90 deg
different from each other.

The orientations of the tray with respect to the unit base in
the retracted and projected positions are substantially 90 deg
different from each other. Therefore, the orientation in which
the music player is set when the tray is in the projected
position is 90 deg different from the orientation in which the
music player is set when the tray is in the retracted position.
Thus, spaces can be efficiently utilized to achieve compact-
ness.

Since only a part of the tray is projected from the unit base
in the projected position, the tray has high stability in the
projected position.

In the above-described in-vehicle audio apparatus, a first
guide portion and a second guide portion may be provided on
either the unit base or the tray. A first guided portion slidably
supported by the first guide portion and a second guided
portion slidably supported by the second guide portion may
be provided on either the unit base or the tray. The first guide
portion or the first guided portion may be formed in a straight
shape. The second guide portion or the second guided portion
may be formed in a curved shape. The first guided portion and
the second guided portion may be guided by the first guide
portion and the second guide portion, respectively, to move
the tray between the projected position and the retracted
position.

The first guide portion or the first guided portion may be
formed in a straight shape, and the second guide portion or the
second guided portion may be formed in a curved shape.
Thus, the tray is moved in a trajectory including both of
curved and straight trajectories. The trajectory of the move-
ment of the tray can be designed as desired according to the
shapes and positions of other members such as the unit base,
and higher compactness can therefore be achieved through
optimization of space efficiency.

The above-described in-vehicle audio apparatus may
include a front panel rotatably supported on the housing for
exposing and closing the opening of the housing, a connector
section having a connection terminal, provided inside the
housing and in a position on a side of the housing, and a
terminal portion connected to the connection terminal of the
connector section when the opening of the housing is closed
by the front panel. The music player may be placed on the tray
in the projected position and located beside the connector
section such that the music player is elongated in the front-
rear direction of the apparatus.

The music player is placed on the tray such that it is elon-
gated in the front-rear direction of the tray when the tray is in
the projected position. Thus, a space can be easily formed
beside the tray when the tray is in the projected position, and
the connector section can be disposed beside the tray while
suppressing any increase in the size of the apparatus.

In the above-described in-vehicle audio apparatus, the
music player placed on the tray may be contained behind the
connector section in the retracted position such that it is
elongated in the transverse direction of the apparatus, when
the tray is in the retracted position.

Since the music player is contained behind the connector
section such that it is elongated in the transverse direction of
the apparatus, when the tray is in the retracted position, the
length of the in-vehicle audio apparatus in the front-rear
direction thereof can be kept small.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an in-vehicle audio appa-
ratus according to an embodiment of the invention showing a
state thereof in which a front panel is in a closed state;
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FIG. 2 is a perspective view of the in-vehicle audio appa-
ratus showing a state thereof in which the front panel is in an
open position and a tray is in a retracted position;

FIG. 3 is an exploded perspective view of a tray moving
mechanism;

FIG. 4 is a perspective view of the in-vehicle audio appa-
ratus showing a state thereof in which the front panel is in the
open position and the tray is in a projected position;

FIG. 5 is an exploded perspective view of a tray, a shaft/
plate, and a gear unit;

FIG. 6 is a perspective view of the gear unit in an unen-
gaged position, showing the gear unit along with the tray and
the shaft/plate;

FIG. 7 is a perspective view of the gear unit in an engaged
position, showing the gear unit along with the tray and the
shaft/plate;

FIG. 8 is an exploded perspective view of a driving unit and
a part of the shaft/plate;

FIG. 9 is a enlarged sectional view of a locking lever
connected with a slider;

FIG. 10 is a perspective view of the in-vehicle audio appa-
ratus showing an operation of the same, the apparatus being
shown with the tray in the retracted position;

FIG. 11 is an enlarged perspective view of the driving unit
and the shaft/plate in the state in which the tray is in the
retracted position;

FIG. 12 is a schematic enlarged plan view of the driving
unit and the shaft/plate in the state in which the tray is in the
retracted position;

FIG. 13 is a schematic enlarged plan view of the driving
unit and the shaft/plate in a state in which the tray is unlocked
in the retracted position;

FIG. 14 is a perspective view of the driving unit and the
shaft/plate in a state in which the tray is being moved from the
retracted position toward the projected position;

FIG. 15 is an enlarged perspective view of the driving unit
and the shaft/plate in the state in which the tray is being
moved from the retracted position toward the projected posi-
tion;

FIG. 16 is a schematic enlarged plan view of the driving
unit and the shaft/plate in the state in which the tray is being
moved from the retracted position toward the projected posi-
tion;

FIG. 17 is a perspective view of the tray taken when the tray
has been moved to the projected position;

FIG. 18 is an enlarged perspective view of the driving unit
and the shaft/plate taken when the tray has been moved to the
projected position;

FIG. 19 is a schematic enlarged plan view of the driving
unit and the shaft plate taken when the tray has been moved to
the projected position;

FIG. 20 is a perspective view of the in-vehicle audio appa-
ratus taken with a top part of a housing thereof removed to
shown a music player placed on the tray in the projected
position;

FIG. 21 is a schematic enlarged plan view of the driving
unit and the shaft/plate taken immediately before the tray is
locked in the retracted position after being moved from the
projected position;

FIG. 22 is a perspective view of the in-vehicle audio appa-
ratus taken with the top part of the housing removed to show
the tray which has been moved to the retracted position; and

FIG. 23 is a perspective view of and the shaft/plate taken
immediately before the tray is locked in the retracted position
after being moved from the projected position;
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiments of the invention will now be described with
reference to the drawings.

For example, an in-vehicle audio apparatus according to an
embodiment of the invention is provided in a recess formed
on a front cabinet in a vehicle.

For the sake of convenience, in the following description,
the side of the apparatus facing the driver of the vehicle will
be referred to as “front side™, and the side of the apparatus
facing the front cabinet will be referred to as “rear side”.

The following definition of upward, downward, frontward,
rearward, leftward, and rightward directions is given only for
the sake of convenience, and applications of the invention are
not limited to the definition of directions.
<Configuration of In-Vehicle Audio Apparatus>

As shown in FIGS. 1 and 2, an in-vehicle audio apparatus
1 includes a housing 2, a front panel 3 openably supported at
a front end of the housing 2, and other required elements
disposed inside the housing 2. The housing 2 has an opening
24 at a front end thereof.

An internal panel 4 is disposed in a position in the housing
2 near the front end of the same. A connector section 5 is
provided at a left end of the internal panel 4, and connection
terminals 5a are provided at the connector section 5. The
region in the housing 2 located behind the connector section
5 is an open space.

The internal panel 4 is formed with an oblong opening 4a
to accept a tray beside the connector section 5. A locking
piece 6 is provided at a top end of the left end portion of the
internal panel 4. A light-emitting section 7 such as a light-
emitting diode is disposed on the internal panel 4 above the
connection terminals Sa.

The front panel 3 is formed in an oblong and substantially
rectangular shape and supported at a bottom end of the front
end part of the housing 2 such that it can be rotated about a
bottom end thereof which serves as a fulcrum. A locking
recess 3a is formed at a left end of an inner surface of the front
panel 3. A terminal portion 35 is provided at the left end of the
front panel 3.

The front panel 3 is locked in a close position (see FIG. 1)
to close the opening 2a of the housing 2 by engaging the
locking piece 6 with the locking recess 3a. When the front
panel 3 in the closed position is manually urged rearward, the
front panel is unlocked and released from the housing 2 and
rotated by an urging force of a spring member (not shown)
frontward to reach an open position, whereby the opening 2a
of'the housing 2 is exposed (see FIG. 2). The front panel 2 is
manually rotated from the open position to return to the close
position in which the panel is locked to the housing 2 to close
the opening 2a of the housing (see FIG. 1).

When the front panel 3 reaches the close position, the
terminal portion 35 is connected to the connection terminals
5a of the internal panel 4.

A display section 8 is provided on an outer face (front face)
of'the front panel 3. Predetermined matters such as the present
state of driving are displayed on the display section 8. Oper-
ating parts 9, a light-emitting section 10, and an audio output
section 11 are disposed on the front face of the front panel 3.

A music player 100 is contained in the in-vehicle audio
apparatus 1. The in-vehicle audio apparatus 1 can reproduce
pieces of music recorded in the music player 100 and output
the music from a speaker or the like provided in the vehicle.
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Pieces of music recorded in the music player 100 can be
reproduced by operating the operating parts 9 disposed on the
front panel 3 or controlling the player using a remote control-
ler (not shown) from outside.

When the engine of the vehicle is stopped with the music
player 100 contained in the in-vehicle audio apparatus 1, light
is emitted from the light-emitting section 10 as alarm light,
sounds are output from the audio output section 11 as alarm
sounds. Because alarm light is emitted and alarm sounds are
output as thus described, it is possible to prevent the music
player 100 from being left unremoved in the in-vehicle audio
apparatus 1.

When the front panel 3 is rotated to the open position with
the music player 100 contained in the in-vehicle audio appa-
ratus 1, the light-emitting section 7 provided in the internal
panel 4 blinks. The blinking of the light-emitting section 7
also makes it possible to prevent the music player 100 from
being left unremoved in the in-vehicle audio apparatus 1.

A tray moving mechanism 12 is disposed in the housing 2
(see FIG. 3). The tray moving mechanism 12 includes a unit
base 13, a tray 14, and a driving unit 15.

The unit base 13 has a bottom section 16 and a peripheral
wall section 17 protruding upward from the periphery of the
bottom section 16 excluding a front end portion of the section,
and the top and front sides of the unit base are open. The unit
base 13 is secured inside the housing 2.

The opening at the front end of the unit base 13 is formed
as a tray insertion/removal port 13a, and the space inside the
unit base 13 is formed as a containing space 134.

A first guide portion 16a extending in the front-rear direc-
tion is formed on the bottom section 16 in a position close to
the front end of the bottom section. The first guide portion 16a
is in the form of a hole penetrating the bottom section across
top and bottom surfaces thereof. A second guide portion 165
having a substantially arcuate shape is formed to extend from
a position near a right end of the bottom section 16 to a
position near a rear end of the bottom section 16. The second
guide portion 1654 is in the form of an upwardly open groove.

A gear insertion groove 16¢ having a substantially arcuate
shape is formed to extend along the outline of the second
guide portion 165. The gear insertion groove 16c¢ opens
upward and, and a rack 18 is formed on a sidewall which
defines the gear insertion groove 16¢.

Moisture reservoir portions 164 in the form of upward open
shallow recesses are formed on the bottom section 16 at the
front end of the same. The moisture reservoir portions 164
have the function of holding moisture therein just in case
moisture enters through the opening 2a of the housing 2,
whereby the moisture is prevented from entering and being
deposited in other regions in the housing.

A sliding member 19 is mounted on the bottom section 16.
The sliding member 19 is formed from a material which is
different from the material of the unit base 13 and which high
slidability. For example, the material may be polyacetate. The
sliding member 19 includes sliding projections 19a in the
form of upward projections having an arcuate surface which
are spaced from each other in the left-right direction of the
bottom section. Top ends of the sliding projections 19a are in
positions slightly higher than the top surface of the bottom
section 16.

A ventilation cutout 17a is formed at the rear end of the
peripheral wall section 17 of the unit base 13. A fan is pro-
vided at the rear end of the housing 2 to deliver cooling wind
to the containing space 135 through the ventilation cutout
17a.
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The peripheral wall section 17 has an insertion recess 175,
which is a laterally open recess, formed at each of the front
and rear ends of the wall section.

The peripheral wall section 17 has a cable supporting
recess 17¢, which is an upwardly open recess, formed in a
position near the insertion recess 176 on the front side of the
wall section.

The tray 14 is movably supported on the unit base 13, and
the tray is moved between a retracted position (see FIG. 2) in
which the tray is contained in the containing space 135 of the
unit base 13 and a projected position (see FIG. 4) in which the
tray is partially projected frontward from the unit base 13 to
allow the music player 100 to be placed thereon.

The tray 14 includes a bottom wall 20 and a peripheral wall
21 projecting upward from the periphery of the bottom wall
20, and the tray is therefore upwardly open (see FIGS. 3 and
5). The tray 14 is supported on the unit base 13 such that it can
be moved in predetermined directions.

The bottom wall 20 is formed by a rectangular portion 20a
which is formed in a substantially rectangular shape and a
bend portion 205 which contiguously extends from one lon-
gitudinal end of the rectangular portion 20a. The bend portion
204 extends substantially perpendicularly to the rectangular
portion 20a, whereby a bend is formed between those por-
tions.

The peripheral wall 21 has anti-dust projections 21a pro-
jecting outward from an outer surface thereof, and the anti-
dust projections 21a project in directions opposite to each
other. The anti-dust projections 21a have the function of
preventing dust from entering the containing space 136 of the
base unit 13.

The peripheral wall 21 is formed with an upwardly open
cutout 215. The cooling air supplied by the fan to the con-
taining space 135 through the ventilation cutout 17a of the
unit base 13 is passed through the cutout 215.

The peripheral wall 21 has an urged portion 21¢ which is
the part of the peripheral wall which constitutes the front end
of the wall when the rectangular portion 20a of the bottom
wall 20 extends such that it is elongated in the transverse
direction of the housing. The peripheral wall 21 has upwardly
open mounting/removal cutouts 214 formed on both sides of
the urged portion 21c. The mounting/removal cutouts 214
formed on the peripheral wall 21 allow the music player 100
to be easily mounted and removed on and from the tray 14.

A cushion 22 is provided on the top surface of the bottom
section 20 of the tray 14.

A shaft/plate 23 is attached to a bottom surface of the
bottom wall 20 (see FIGS. 5 to 7). The shaft/plate 23 is formed
by a shaft portion 24 which linearly extends and a plate
portion 25 which is contiguous with one longitudinal end of
the shaft portion 24.

A first guided portion 24q in the form of a shaft is provided
so as to project downward from another end of the shaft
portion 24.

A second guided portion 25a in the form of a shaft is
provided so as to project downward from the plate portion 25.

A gear unit 26 is rotatably supported on the plate portion 25
of'the shaft/plate 23. The gear unit 26 is formed by a bear base
27, a reduction gear 28, and a mounting plate 29.

The gear base 27 has a shaft insertion hole 27a which is
formed to extends through the gear base in the vertical direc-
tion.

The reduction gear 28 is supported rotatably on a bottom
surface of the gear base 27. For example, the reduction gear
28 rotates at a low speed because it receives certain resistance
of a fluid enclosed in the gear base 27.
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The gear plate 29 is formed with a shaft insertion hole 294
and a gear insertion hole 295 which penetrate through the gear
plate in the vertical direction. The gear base 27 is attached to
the gear plate 29 with the reduction gear 28 inserted through
the gear insertion hole 295 located above the same. The gear
plate 29 has an operating projection 29¢ projecting down-
ward.

The gear unit 26 is rotatably supported on the plate portion
25 with the second guided portion 25a of the shaft plate 23
inserted through the shaft insertion hole 274 of the gear base
27 and the shaft insertion hole 29« of the gear plate 29 located
above the same. When the gear unit 26 is supported on the
plate portion 25 as thus described, a bottom end of the second
guided portion 254 projects downward, a roller 30 is rotatably
supported around the projecting part.

The gear unit 26 can be rotated with respect to the shaft
plate 23 about the second guided portion 25a serving as a
fulcrum between an engaging position in which the reduction
gear 28 can be engaged with the rack 18 (see FIG. 6) and a
disengaging position in which the reduction gear 28 is apart
from the rack 28 (see FIG. 7).

Sliders 31 are mounted on a bottom surface of the tray 14
in positions apart from each other at one end of the bottom
wall 20. For example, the sliders 31 are formed from a mate-
rial having high slidability different from the that of the tray
14, e.g., polyacetal. The sliders 31 have respective sliding
projections 31a formed as downward projections having an
arcutate surface. Bottom ends of the sliding projections 31a
are located slightly lower than the bottom surface of the
bottom section 20.

The tray 14 is rotatably supported o the unit base 13 with
the first guided portion 24q inserted through the first guide
portion 164 and the second guided portion 25a and the roller
30 inserted through the second guide portion 165. The first
guided portion 24a projects downward from the unit base 13.
The tray 14 is engaged with the rack 18 with the reduction
gear 28 inserted through the gear insertion groove 16¢ of the
unit base 13. Therefore, the first guided portion 24aq is guided
to the first guide portion 164, and the second guided portion
25a and the roller 30 are guided to the second guide portion
164. Thus, the reduction gear 28 is rotated and advanced
along the rack 18, whereby the gear can be moved with
respect to the unit base 13.

Since the roller 30 is inserted in the second guide portion
1654 of the unit base 13 to be guided by the same, the tray 14
can be smoothly moved with respect to the unit base 13.

In the above-described example, the first guide portion 16a
and the second guide portion 165 are guide grooves or guide
holes, and the first guided portion 24a and the second guided
portion 25a are guided shafts. Alternatively, the first and
second guide portions may be guide shafts, and the first and
second guided portions may be guided grooves or guided
holes.

A cover 32 is mounted on the unit base 13 from above the
same with the tray 14 supported on the unit base 13 as
described above, whereby the containing space 135 is closed
from above (see FIG. 3).

The driving unit 15 is provided under the bottom of the unit
base 13 and mounted on the bottom of the housing 2. The
driving unit 15 is supported on a support base 22 in locations
where support is required, and a cover plate 34 is mounted on
the support base (see FIG. 8).

The support base 33 is formed in a substantially rectangu-
lar shape facing upward and downward. The support base has
a support groove 35 extending in the front-rear direction in a
position near the light end thereof and a cam groove 36 near
the left end thereof.
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A spring support projection 35a protecting frontward is
provided at a rear end of the support groove 35. A stopper 37
is mounted at a front end of the support groove 35.

A slider 38 is movably supported in the support grove 35.
The slider 38 is provided by integrally forming a supported
portion 39 which is supported in the support groove 35, a
connecting portion 40 which upwardly projects from the sup-
ported portion 39, and a spring support projection 41 which
projects rearward from the connecting portion 40. A stepped
surface 40a facing frontward is formed on the connecting
portion 40.

An urging spring 42 is supported between the spring sup-
port portion 41 and the spring support projection 354 pro-
vided in the support groove 35 with the slider 38 supported in
the support groove 35, and the urging spring 42 is disposed in
the support groove 35. For example, a compression coil
spring is used as the urging spring 42. Therefore, the slider 38
is urged frontward by the urging spring 42.

The cam groove 36 includes an annular portion 43 and a
straight portion 44 extending in the front-rear direction which
are continuously formed. A first regulating recess 43« and a
second regulating recess 435 which open frontward are
formed at a rear end of the annular portion 43, the recesses
being apart from each other in the left-right direction. The
straight portion 44 is contiguous with a front end of the
annular portion 43.

A cam engaging portion 45 formed in a substantially tri-
angular shape is provided in the middle of the annular portion
43 ofthe support base 33. The cam engaging portion 45 has a
rearwardly open locking recess 45a which is formed in a
position opposite to the first regulating recess 43a.

A locking lever 46 is connected with the slider 38. The
locking lever 46 is formed by an arm portion 47 which is
substantially [.-shaped and which extends substantially in the
front-rear direction and a connecting projection 48 which
laterally projects from a position of the arm portion 47 near a
front end thereof.

The arm portion 47 has a downwardly projecting cam pin
47a provided at a rear end thereof. A roller 49 is supported
around the cam pin 47a.

A connecting piece 48a is provided at a tip region of the
connecting projection 48 such that it downwardly projects
from a front edge of the connecting projection. A support hole
485 is formed at the tip region of the connecting projection 48
such that it extends across top and bottom surfaces of the tip
region.

The roller 49 supported by the cam pin 474 of the locking
lever 46 is slidably (rotatably) supported in the cam groove
36.

Since theroller 49 is inserted and slid in the cam groove 36
of the support base 33, the locking lever 46 can be smoothly
moved with respect to the support base 33.

The connecting piece 48a of the locking lever 46 is
engaged with the stepped portion 40a from the front side
thereof, whereby locking lever is connected to the slider 38
(see FIG. 9). Therefore, un urging force is imparted to the
locking lever 46 by the urging spring 42 through the slider 38.

The first guided portion 24a of the shaft/plate 23 attached
to the tray 14 is inserted from above and supported in the
support hole 485 of the locking lever 46. Thus, the tray 14 is
connected to the locking lever 46 such that it can be rotated
about the guided portion 24a serving as a fulcrum, and the
urging force of the urging spring 42 acting in the frontward
direction is imparted to the tray 14 through the slider 38 and
the locking lever 46. The tray 14 is moved along with the
slider 38 and the locking lever 46 with respect to the unit base
13 between the retracted position and the projected position.
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When the tray 14 is moved with respect to the unit base 13,
the bottom surface of the bottom wall 20 of the tray 14 slides
on the sliding projections 19a of the sliding member 19
attached to the unit base 13, and the sliding projections 31a of
the sliders 31 attached to the tray 14 slide on the top surface of
the bottom section 16 of the unit base 13. Therefore, the tray
14 is smoothly moved with respect to the unit base 13 with a
small frictional force generated.

When the tray 14 is moved along with the slider 38 and the
locking lever 46 with respect to the unit base 13, the slider 38
is moved in the front-rear direction under the guidance of the
support groove 35 of the support base 33. The locking lever 46
rotates about the connecting piece 484 serving as a fulcrum,
and the roller 49 supported around the cam pin 47a moves in
the cam groove 36.

The tray 14 is moved in a substantially curved trajectory
with the first guided portion 24a and the second guided por-
tion 254 each being guided to the first guide portion 16a and
the second guide portion 165, respectively. When the tray 14
is moved, the first guided portion 24a of the shaft plate 23 is
rotated with respect to the locking lever 46.

When the tray 14 is moved with respect to the unit base 13,
the operating projection 29¢ of the gear plate 29 slides on the
bottom surface of the gear insertion groove 16¢ of the unit
base 13. Therefore, a frictional force is generated between the
operating projection 29¢ and the bottom surface of the gear
insertion groove 16¢ to impart a rotational force to the gear
unit 26 such that the gear unit is rotated in the direction
opposite to the moving direction of the tray 14 about the
second guided portion 25a.

When the tray 14 is moved from the retracted position
toward the projected position, the above-described frictional
force imparts a rotational force to the gear unit 26 in the
direction of pressing the reduction gear 28 against the rack 18
(the direction R1 shown in FIGS. 6 and 7). Therefore, when
the tray 14 is moved from the retracted position toward the
projected position, the reduction gear 28 is engaged with the
rack 18 with the gear unit 26 held in the engaged position,
whereby the tray 14 is moved at a low speed because of the
action of the reduction gear 28.

On the contrary, when the tray 14 is moved from the pro-
jected position toward the retracted position, the above-de-
scribed frictional force imparts a rotational force to the gear
unit 26 in the direction of disengaging the reduction gear 28
from the rack 18 (the direction R2 shown in FIGS. 6 and 7).
Therefore, when the tray 14 is moved from the projected
position toward the retracted position, the reduction gear 28 is
disengaged from the rack 18 with the gear unit 26 held in the
disengaged position, whereby the tray 14 is moved without
any load applied by the reduction gear 28.

As shown in FIG. 3, a cable 50 and a socket 51 connected
to one end ofthe cable 50 are disposed in the containing space
135 of the housing 2, and another end of the cable 50 is
connected to the connection terminals 5a of the internal panel
4 through a connection circuit which is not shown. The socket
51 is a socket to be used for USB (universal serial bus)
connection.

The cable 50 is inserted and supported in the cable sup-
porting recess 17¢ of the tray 14, and the socket 51 is disposed
in the tray 14.
<Operations of In-Vehicle Audio Apparatus>

Operations of the in-vehicle audio apparatus 1 will now be
described (see FIGS. 10 to 22).

When the front panel 3 is in the closed position in which the
panel closes the opening 2a of the housing 2, the tray 14 is in
the retracted position.
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First, a description will be made on states of various parts
of'the apparatus observed when the tray 14 is in the retracted
position (see FIGS. 10 to 12).

As shown in FIG. 10, in the retracted position, the tray 14
is situated such that the rectangular portion 20a is located don
the rear side of the containing space 135 and such that the
bend portion 205 is located on the front side of the containing
space 135. The rectangular portion 20« is in the state in which
it is elongated in the transverse direction of the housing. In
such a state, the anti-dust projections 21a of the tray 14 are
inserted in the respective insertion recesses 175 of the unit
base 13.

When the tray 14 is in the retracted position, the first guided
portion 24a of the shaft/plate 23 is engaged with the first
guide portion 16« in a position near the rear end of the first
guide portion, and the second guided portion 25a is engaged
with the second guide portion 165 in a position near an end
(left end) of the second guide portion 165. The reduction gear
28 is engaged with the rack 18 in a position near an end (left
end) of the rack 18.

When the tray 14 is in the retracted position, the slider 38 is
located substantially in the middle ofthe support groove 35 of
the support base 33 when viewed on the front-rear direction
(see FIGS. 11 and 12). At this time, the roller 49 supported
around the cam pin 47a of the locking lever 46 is urged into
engagement with the locking recess 454 formed on the cam
engaging portion 45 ofthe support base 33 by the urging force
of the urging spring 42. Thus, the tray 14 is locked in the
retracted position.

When the front panel 3 has been rotated from the closed
position in which the panel closes to opening 2a of the hous-
ing 2 to the open position in which the opening 2a is exposed,
the tray 14 can be moved with respect to the unit base 13 from
the retracted position toward the projected position.

When the front panel is moved from the closed position to
the open position, the terminal portion 35 is disconnected
from the connection terminals 5a of the internal panel 4.

When the urged portion 21¢ of the peripheral wall 21 is
urged rearward with the front panel 3 rotated up to the open
position, the tray 14 is moved with respect to the slider 13 in
the direction opposite to the direction of moving the tray
toward the projected position.

When the tray 14 is moved as thus described, the first
guided portion 24a of the shafi/plate 23 is moved to the rear
end of the first guide portion 164, and the second guided
portion 254 is moved to one end of the second guide portion
16b. At this time, the slider 38 connected with the shaft/plate
23 attached to the tray 14 is moved rearward against the
urging force of the urging spring 42 (see FIG. 13).

As the slider 38 is moved rearward, the locking lever 46 is
also moved rearward. Thus, the roller 49 is moved to the
second regulating recess 43a of the annular portion 43 of the
cam groove 36, whereby the roller 49 is disengaged from the
locking recess 45a. Thus, the tray 14 is unlocked in the
retracted position.

When the rearward press on the urged portion 21¢ of the
tray 14 is removed, the tray 14 is moved toward the projected
position by the urging force of the urging spring 42 (see FI1G.
14).

When the tray 14 is moved as thus described, the first
guided portion 24a of the shaft/plate 23 is moved in the first
guide portion 16a toward the front end thereof, and the second
guided portion 254 is moved in the second guide portion 165
toward the other end (right end) thereof. At this time, the
slider 38 is moved in the support groove 35 frontward by the
urging force of the urging spring 42 (see FIGS. 15 and 16).
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Asthe reduction gear 28 is rotated and advanced in engage-
ment with the rack 18, the tray 14 is moved with respect to the
unit base 13. Thus, the tray 14 is moved toward the projected
position at a low speed.

As the slider 38 is moved frontward, the locking lever 46 is
also moved frontward, whereby the roller 49 is moved from
the annular portion 43 of the cam groove 36 toward the
straight portion 44.

The urging force of the urging spring 42 continues moving
the tray 14 up to the projected position (see FIG. 17).

As the tray 14 is moved as this described, the first guided
portion 24a of the shaft/plate 23 is moved to the front end of
the first guide portion 164, and the second guided portion 25a
is moved to the other end of the second guide portion 16a. At
this time, the slider 38 is moved in the support groove 35
frontward by the urging force of the urging spring 42, and the
movement of the slider stopped when the front end of the
supported portion 39 abuts on the stopper 37 (see FIGS. 18
and 19).

Asthe reduction gear 28 is rotated and advanced in engage-
ment with the rack 18, the tray 14 is moved with respect to the
unit base 13. Thus, the tray 14 is moved toward the projected
position at a low speed.

As the slider 38 is moved frontward, the locking lever 46 is
also moved frontward, and the roller 49 is moved up to the
front end of the straight portion 44 of the cam groove 36.

The tray 14 is moved from the retracted position to the
projected position in a substantially arcuate trajectory. Thus,
when the tray 14 has been moved to the projected position, the
rectangular portion 20q is elongated in the front-rear direc-
tion of the housing. At this time, the bend portion 2056 projects
frontward from the opening 2a of the housing 2 and the tray
insertion hole 13a of the unit base 13 (FIG. 17).

In the projected position, the music player 100 is placed on
the tray 14 (see FIG. 20). The music player 100 is placed on
the rectangular portion 20q in accordance with the direction
in which the rectangular portion 20aq is set. That is, the music
player 100 is placed such that it is elongated in the front-rear
direction of the housing. At this time, the socket 51 is con-
nected to a connector (not shown) of the music player 100
through a conversion adaptor 52. The music player 100 is
connected to the connector section 5 provided on the internal
panel 4 through the conversion adaptor 52, the socket 51, and
the cable 50.

When the urged portion 21c¢ of the tray 14 is subsequently
manually urged in a lateral direction, the tray 14 is moved
toward the retracted position against the urging force of the
urging spring 42.

As the tray 14 is moved as thus described, the first guided
portion 24q of the shaft/plate 23 is moved to a position in the
guide portion 16a near the rear end thereof, and the second
guided portion 25a is moved to a position in the guide portion
165 near one end thereof. At this time, the slider 38 is moved
rearward in the support groove 35 against the urging force of
the urging spring 42 (see FIG. 21).

Since the gear unit 26 of the tray 14 has been rotated to the
disengaged position as described above, the tray 14 is moved
with respect to the unit base 13 toward the retracted position
with the reduction gear 28 disengaged from the rack 18.

Since the tray 14 is therefore moved toward the retracted
position with no load imparted from the reduction gear 28, the
tray 14 can be moved toward the retracted position smoothly
at a high speed.

The gear plate 29 is provided with the operating projection
29¢ to allow the reduction gear 28 to be engaged and disen-
gaged with and from the rack 18 utilizing a rotational force
generated at the gear unit 26 by a frictional force generated
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between the operating projection 29¢ and the bottom surface
of'the gear insertion groove 16¢ of the unit base 13.

Thus, a simple mechanism is used to engage and disengage
the reduction gear 28 with and from the rack 18. Therefore,
when the tray 14 is moved, the operating speed can be con-
trolled and the load can be kept small with a simple mecha-
nism.

As the slider 38 is moved rearward, the locking lever 46 is
also moved rearward, and the roller 49 is moved from the
straight portion 44 of the cam groove 36 to the first regulating
recess 43a of the annular portion 43.

When the roller 49 has been moved to the first regulating
recess 43a of the cam groove 36, the movement of the locking
lever 46, the slider 38, the shaft/plate 23, and the tray 14 is
temporarily stopped.

When the manual press on the tray 14 is thereafter
removed, the tray 14 is moved toward the projected position
again by the urging force of the urging spring 42. At this time,
the locking lever 46 is moved frontward as a result of the
frontward movement of the slider 38, and the roller 49 is
urged by the urging force of the urging spring 42 into engage-
ment with the locking recess 45a formed on the cam engaging
portion 45 of the support base 33. Thus, the movement of the
tray 14 is stopped, and the tray 14 is locked in the retracted
position again (see FIG. 12).

When the tray 14 has been moved to the retracted position,
as shown in FIG. 22, the tray 14 is contained in the housing
such that a part of the rectangular portion 20a is located
directly behind the connector section 5 of the internal panel 4
and such that the music player 100 is disposed in the contain-
ing space 135 in the transversally elongate state.

When the tray 14 has been moved to the retracted position
as thus described, the front panel 3 is rotated from the open
position to the closed position. Thus, the opening 2a of the
housing 2 is closed, and the terminal portion 36 and the
connection terminals Sa of the internal panel 4 are connected.
‘When the terminal portion 35 of the front panel 3 is connected
with the connection terminals 5a, the display of the state of
the music player 100 is enabled, and the operating portions 9
are enabled for operating the music player 100.

Thus, the user can reproduce music recorded in the music
player 100 from outside by operating the operating portions 9
or using a remote controller.

Although the socket 51 is connected to the music player
100 using the conversion adaptor 52 in the above-described
example, a music player 200 of a different type to which the
socket 51 can be connected without the conversion adaptor 52
may alternatively be used. In this case, the socket 51 is con-
nected to the music player 200 without using the conversion
adaptor 52 as shown in FIG. 23.
<Brief>

As described above, in the in-vehicle audio apparatus 1, the
tray 14 is moved with respect to the unit base 13 such that the
tray 14 is set with respect to the unit base 13 in orientations
substantially 90 deg different from each other in the retracted
position and the projected position.

Therefore, the music players 100 and 200 are set in orien-
tations substantially 90 deg different from each other in the
projected position and the retracted position. Thus, the space
in the apparatus can be efficiently used to achieve compact-
ness.

Only a part of the tray 14 of the in-vehicle audio apparatus
1 is projected frontward from the unit base 13 in the projected
position. Therefore, the tray 14 can be set in the projected
position with high stability.

Further, in the in-vehicle audio apparatus 1, the unit base 13
is formed with the first guide portion 16a having a straight
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shape and the second guide portion 165 having a curved
shape, and the tray 14 is provided with the first guided portion
24a guided by the first guide portion 16a and the second
guided portion 254 guided by the second guide portion 164.

Since the tray 14 is therefore moved in a trajectory includ-
ing both curved and straight trajectories, the trajectory of the
movement of the tray 14 may be designed as desired depend-
ing on the shapes and positions of members such as the unit
base 13. Thus, spaces can be optimally utilized to achieve
higher compactness. Since the tray 14 moves in a trajectory
including a straight trajectory, when the tray has been moved
to the projected position, the tray 14 can be projected front-
ward in a greater amount from the opening 2« of the unit base
13. Thus, the music players 100 and 200 can be easily placed
on the tray 14.

Further, the music players 100 and 200 are placed on the
tray 14 in the projected position such that the music player is
elongated in the front-rear direction of the housing. There-
fore, when the tray 14 is in the projected position, a space can
be easily formed beside the tray 14. It is therefore possible to
dispose a required component such as the connector section 5
beside the tray 14 while preventing any increase in the size of
the in-vehicle audio apparatus 1. Thus, a connecting structure
of the terminal portion 35 of the front panel 3 and the con-
nection terminals of the internal panel 4 can be provided at an
optimal position with the in-vehicle audio apparatus 1 being
prevented from increasing in size, and the apparatus can be
designed with improved flexibility and manufactured at a low
cost.

In addition, since the tray 14 of the in-vehicle audio appa-
ratus 1 is moved from the retracted position to the projected
position utilizing the urging force of the urging spring 42, a
simple mechanism can be used.

Furthermore, the locking lever 46 is urged frontward by the
urging force of the urging spring 42, whereby the roller 49 is
pressed against the locking recess 45a of the cam engaging
portion 45 to lock the tray 14 in the retracted position.

Therefore, the urging spring 42 has two functions, i.e., the
function of imparting a force to the tray 14 to move the tray
toward the projected position and acting on the locking lever
46 to lock the tray 14 in the retracted position. Thus, the
number of components can be kept small, and the apparatus
can be manufactured at a low cost.

In the in-vehicle audio apparatus 1, the tray 14 is unlocked
in the retracted position and thereafter moved toward the
projected position by urging the urged portion 21¢ of the tray
14 rearward and thereafter removing the press.

Thus, the operation to be performed by the user to move the
tray 14 from the retracted position toward the projected posi-
tion is simple, and improved user friendliness can therefore
be achieved.

In the above-described embodiment, the tray 14 is moved
from the retracted position to the projected position utilizing
the urging force of the urging spring 42. For example, the tray
14 may alternatively be moved between the retracted position
and the projected position by the driving force of a motor
provided for moving the tray 14 instead of the urging spring
42.

In the in-vehicle audio apparatus 1, when the tray is in the
retracted position, the music player 100 or 200 is contained in
the space behind the connector section 5 such that the player
is elongated in the transverse direction of the apparatus. Thus,
the size of the in-vehicle audio apparatus 1 in the front-rear
direction (depth direction) thereof can be kept small.

The specific shapes and structures of the respective parts
exemplified in the embodiments described above are just
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examples embodying the invention and the technical scope of
the invention is no limited to them in any way.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:

1. An in-vehicle audio apparatus comprising:

a housing having an opening at least on one side thereof;

a unit base disposed in the housing and having an internal
space formed as a containing space;

a tray movable parallel to a plane normal to the opening
between a retracted position in which the tray is con-
tained in the containing space and a projected position in
which a music player formed in a substantially rectan-
gular shape can be placed on the tray and in which a part
of the tray is projected from the base unit;

a front panel rotatably supported on the housing for expos-
ing and closing the opening of the housing;

a connector section provided inside the housing and in a
position on a side of the housing, the connector section
having a connection terminal; and

a terminal portion connected to the connection terminal of
the connector section when the opening of the housing is
closed by the front panel,

wherein the tray is moved parallel to the plane with respect
to the unit base such that the orientations of the tray with
respect to the unit base in the retracted and projected
positions are substantially 90 deg different from each
other, and

wherein the tray is moved parallel to the plane from the
retracted position to the projected position in a substan-
tially arcuate trajectory, and

wherein the music player is placed on the tray in the pro-
jected position and located beside the connector section
such that the music player is elongated in the front-rear
direction of the apparatus.

2. An in-vehicle audio apparatus comprising:

a housing having an opening at least on one side thereof;

a unit base disposed in the housing and having an internal
space formed as a containing space;

a tray movable between a retracted position in which the
tray is contained in the containing space and a projected
position in which a music player formed in a substan-
tially rectangular shape can be placed on the tray and in
which a part of the tray is projected from the base unit

a front panel rotatably supported on the housing for expos-
ing and closing the opening of the housing;

a connector section provided inside the housing and in a
position on a side of the housing, the connector section
having a connection terminal; and

a terminal portion connected to the connection terminal of
the connector section when the opening of the housing is
closed by the front panel,

wherein the tray is moved with respect to the unit base such
that the orientations of the tray with respect to the unit
base in the retracted and projected positions are substan-
tially 90 deg different from each other,

wherein the tray is moved from the retracted position to the
projected position in a substantially arcuate trajectory,
and

wherein the music player is placed on the tray in the pro-
jected position and located beside the connector section
such that the music player is elongated in the front-rear
direction of the apparatus.
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3. An in-vehicle audio apparatus comprising:

a housing having an internal space formed as a containing
space;

a tray movable parallel to a plane parallel to the front-rear
direction ofthe apparatus between a retracted position in
which the tray is contained in the containing space and a
projected position in which a music player formed in a
substantially rectangular shape can be placed on the tray
and in which a part of the tray is projected from the
containing space;

a front panel rotatably supported on the housing for expos-
ing and closing an opening of the housing;

a connector section provided inside the housing and in a
position on a side of the housing, the connector section
having a connection terminal; and

aterminal portion connected to the connection terminal of
the connector section when the opening of the housing is
closed by the front panel,

wherein the tray is moved parallel to the plane with respect
to the housing such that the orientations of the tray with
respect to the housing in the retracted and projected
positions are substantially 90 deg different from each
other,
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wherein the tray is moved parallel to the plane from the
retracted position to the projected position in a substan-
tially arcuate trajectory, and

wherein the music player is placed on the tray in the pro-
jected position and located beside the connector section
such that the music player is elongated in the front-rear
direction of the apparatus.

4. An in-vehicle audio apparatus according to claim 2,

further comprising:

a locking lever locking the tray in the retracted position;
and

an urging spring imparting a force to the tray to move it
from the retracted position toward the projected posi-
tion,

wherein the tray is moved from the retracted position
toward the projected position by the urging force of the
urging spring when the tray is unlocked or released from
the locking lever in the retracted position.

5. An in-vehicle audio apparatus according to claim 2,

20 wherein the music player is placed on the tray such that it is

elongated in the front-rear direction of the tray when the tray
is in the projected position.

#* #* #* #* #*



